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RD 2012-5: the first 7 month
• January 23, 2012: provided revised prioritized plan in 1st 

Quarter EIC R&D Report as requested by Committee 

• May 2/3, 2012: official start of RD 2012-5 (Tobias Toll paid out of 
R&D funds)

• May - August: heavy use of new generator Sartre for EIC White 
Paper. 
‣ large fraction of studies for eA section make use of new set of 

generators (Sartre & eA-Hybrid)

• November 13, 2012: first paper on physics that went into Sartre 
submitted to PRC (also arXiv:1211.3048)

• December 7, 2012: White Paper posted on archive (arXiv:
1212.1701)

• November - December: Sartre documentation finalized, latest 
nuclear breakup code included, Cascade further evaluated
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eA Event Generator for EIC
• Requirements

‣ Generator has to reproduce existing ep (Hera) data
‣ Encapsulate saturated and non-saturated models

๏ difference ⇒ physics case
‣ Reused generators must be:

๏ freely available, well documented, supported
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Diffractive ep/eA Physics: Sartre
• Highest priority because:

‣ Diffractive events are most sensitive to saturation
๏ σ ~ G(x,Q2)2

‣ Only known way to learn about spatial distribution of glue
• Event generator Sartre

‣ exclusive diffractive vector meson production and DVCS
๏ only way to measure t = (pA-p′A)2 at an EIC

‣ based on dipole model 
๏ saturation: bSat
๏ non-saturated: bNonSat

‣ includes nuclear breakup (Gemini++) for incoherent events
‣ ep, eA (O, Al, Ca, Cu, Cd, Au, and Pb)
‣ authors: TU & Tobias Toll
‣ status: (almost) ready for distribution
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Sartre: Physics
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Dipole cross-section:

For the second moment of the 
amplitude, no analytical expression 
exists. Need to average over many 
(500-1000) nuclear configuration!
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Sartre: Implementation
• Prohibitive: 

‣ average over ~500 configurations on the fly 
‣ multiple 6D integration for each

• Technique
‣ Create tables for 〈AT,L〉 and 〈AT,L2〉 and ship with Sartre

๏ Sartre on US Grid: 167,932 EIC jobs for 695,536 CPU 
hours and transferred 3.2TB of data

‣ Generator reads tables, calculates cross-section d3σ/(dQ2 dW dt) 
and generates for each event Q2,W, t
‣ Q2,W, t and beam energies fully determine final state

• Code
‣ C++ class library, example programs, tables, documentation 
‣ External packages: Unuran (3D random numbers), Cuba 

(integration), Gemini (nuclear breakup), ROOT
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Sartre: Documentation
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Sartre: Documentation
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Sartre: HERA Comparison
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• Describes HERA data on ρ, φ, 
J/ψ, and γ (DVCS) well for 
saturated and non-saturated 
case

• Not surprising since models 
(and parameters) were tuned to 
describe HERA (KMW, Phys. 
Rev. D74)

• New parameters in the works 
from efforts at BNL (R. 
Venugopalan et al.)

• ep: No distinguishing power 
between bSat and bNonSat

Example: e p → e′ p′ ϕ 
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Sartre: Results I (White Paper)
Extensive simulations for White Paper Electron Ion Collider: The Next 
QCD Frontier - Understanding the glue that binds us all (arXiv:1212.1701)

Example: Q2 dependence of ϕ and J/ψ production:
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Sartre: Results I (White Paper)
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Sartre: Results II (White Paper)
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• Simulation showed that one can separate coherent from incoherent
‣ Nuclear breakup (incoherent case) produces enough neutrons that can 

be detected with Zero-Degree-Calorimeter
‣ Results affect IR design

e+Au → e� + J/Ψ+Au� e+Au → e� + φ+Au�

t = (pA-p′A)2

100M Sartre events
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Sartre: Results III (towards CDR)
Spatial source distribution from dσ/dt:

Initial concerns:
• Measured range in Δ (t)
• Statistical errors on data
• Problematic in ep
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Sartre: Results IV (towards CDR)
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• J/ψ is the best suited probe to obtain spatial distribution 
independent of model

• Comparing J/ψ and ϕ reveals coherence effects (saturation)

all for 10 nb-1/A

J/ψ no sat J/ψ sat

ϕ no sat ϕ sat
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Sartre: Status & Summary

• Sartre is tested and ready to go

• Few additions to documentation needed (1 week)

• Release with GNU Public License

• Need to solve remaining issue with Gemini++
‣ Author has not thought about licensing (yet)

• Publication
‣ T. Toll and TU: Exclusive diffractive processes in electron-

ion collisions submitted to PRC (arXiv:1211.3048)

‣ T. Toll and TU: Publication in Computer Physics 
Communications in preparation

13
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Sartre: What’s Next?

• Sartre only deals with exclusive vector meson & DVCS production
• Does not handle inclusive diffractive events (σ, F2D FLD studies)
• Requires upgrade of Sartre

‣ we know how, but is considerable investment in time
• First release Sartre as is (leave upgrade for later versions)
• Not highest priority (DIS saturated case first)

14

DISDIS DiffractiveDiffractive
saturated non-saturated saturated non-saturated

exclusiveexclusive

inclusiveinclusive

✕  ✓ 
VM & DVCS ✓ VM & DVCS ✓ 

✕  ✓
VM & DVCS ✓ VM & DVCS ✓ 

✕  ✓
✕  ✕

✕  ✓
✕  ✕
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DIS in eA (non-saturated): eA-Hybrid

• A hybrid model 
‣ Reuse of existing generators with different level of support
‣ New code only to interface generators
‣ A non-saturation model only
‣ DPMJetIII, FLUKA, PYTHIA6, EPS09 (nPDF)
‣ Liang Zheng (CCNU student, located at BNL)
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DISDIS DiffractiveDiffractive
saturated non-saturated saturated non-saturated

exclusiveexclusive

inclusiveinclusive

✕  ✓ 
VM & DVCS ✓ VM & DVCS ✓ 

✕  ✓
VM & DVCS ✓ VM & DVCS ✓ 

✕  ✓
✕  ✕

✕  ✓
✕  ✕
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eA-Hybrid: Implementation

16

A

e

e’

⇒

PYTHIA + nPDF (EPS09)
Parton level interaction, parton 
shower and jet fragmentation

Salgado-Wiedemann
Energy loss effect for cold 
nuclear medium

DPMJetIII
Nuclear Geometry

DPMJetIII+Fluka
Nuclear Breakup & 
Evaporation
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eA-Hybrid: Results I (White Paper)

17

Dihadron correlations h-h:
Study of away side peak (180o), compare saturation and 
non-saturation models

eA-Hybrid

Simulations: Zheng, Theory: Xiao, Yan
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eA-Hybrid: Results II (White Paper)

• Established golden eA measurement for EIC
• Only possible by comparison of theory with “conventional” 

eA physics (including all nuclear effects)

18

JeAu = Away-side-yield(eAu) / Away-side-yield(ep)
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What’s Next?

• eA Physics case for EIC requires the comparison of established 
(non-saturated) models that nevertheless contain all nuclear 
effects with saturation models.
• Need a DIS version for saturation (best would be to have one 

approach for both)
• While eA-Hybrid works it doesn’t fulfill this requirement
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DISDIS DiffractiveDiffractive
saturated non-saturated saturated non-saturated

exclusiveexclusive

inclusiveinclusive

✕  ✓ 
VM & DVCS ✓ VM & DVCS ✓ 

✕  ✓
VM & DVCS ✓ VM & DVCS ✓ 

✕  ✓
✕  ✕

✕  ✓
✕  ✕
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eA DIS generators: eA-Cascade

• Cascade 
‣ established generator by H. Jung for ep
‣ uses CCFM evolution scheme

๏ DGLAP-like for large x and BFKL-like for small x

• Requires unintegrated PDFs (uPDF)

• HERA F2 data is now (combined F2) precise enough to 
answer detailed questions about the CCFM evolution 
mandatory for the uPDF parametrization

• Extension of Cascade to eA is T. Toll’s next project

20
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eA-Cascade: Physics I

Saturation:
• Stop the evolution if kt 

becomes smaller than 
saturation scale QS 

• QS ~ (A/x)λ

21

uPDF for ions:
xG(x,Q2) ≡

� Q2

dk2
A(x, k2)

k2

σqq̄(r, x) =
8π2

NC

�
dk

k3
[1− J0(kr)]αSA(x, k2) = 2

�
d2bN (x, r,b)

Define uPDF:

Connection to dipole model:

uPDF from Scattering Amplitude:
A(x, k2)

k2
=

CF

2παS(k)k2

�
drdbJ0(rk)

�
1

r

∂N (x, r, b)

∂r
+

∂2N (x, r, b)

∂r2

�



• Need:
‣ b-dependent proton scattering amplitude that can be 

combined with the CCFM evolution in CASCADE 
๏ has to describe HERA F2 data

• Only option GBW dipole model

‣ with Θ function b-dependence (cylindrical proton):

‣ Dipole model can be linearized ⇒ non-saturated version
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eA-Cascade: Physics II

22

Building ion scattering amplitude:

N (x, r) = σ0

�
1− e−Q2

s(x)r
2
�

Tp(b) = Θ(Rp − b) ⇒ σ0 = πR2
p

Tp(b) = Θ(Rp − b) ⇒ σ0 = πR2
p
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eA-Cascade: Status

• We know how to extend Cascade to eA
• H. Jung interested in project
• Issues

‣ Legacy F77 code
‣ Need to add nuclear breakup (Gemini or as in eA-Hybrid)
‣ Include cold matter E-loss (Salgado & Wiedemann)
‣ Considerable effort

23



T. Ullrich (BNL):   RD 2012-5 Progress report  EIC R&D Advisory Committee Meeting 12/13/2012

ep Generator Efforts
• ep generators vital for ep program at EIC
• While for detailed physics and detector studies the difference 

between ep and eA matters for several generic detector studies ep 
might be enough

24

T. Toll, EIC R&D 
Simulation Workshop
BNL 10/8/12
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ep Generator Efforts

• Developments in EIC community (BNL TF):

‣ Pythia6 + Radiative Corrections (RADGEN) - Elke 
Aschenauer

‣ PEPSI + Radiative Corrections (RADGEN) - Elke 
Aschenauer

‣MILOU - update and maintenance - Salvatore Fazio

‣ LEPTO-PHI - Mark Baker

๏ Adds "Cahn effect" (azimuthal asymmetry of outgoing 
hadrons even for unpolarized beams) implemented.

25
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Summary
• Finished Sartre - exclusive diffractive VM production

‣ saturation & non-saturation
‣ distribution soon, publication in progress
‣ extensively used for studies in EIC White Paper 

• eA-Hybrid
‣ includes set of realistic nuclear effects, non-saturation only
‣ based on combo of existing generators
‣ non-saturation only

• Cascade
‣ next project to address
‣ saturation & non-saturation physics
‣ possibly replace eA-Hybrid

• Sartre for inclusive diffraction
‣ has to wait

26


